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METHOD OF FABRICATING SILICA MICROSTRUCTURES 

CLAIM OF PRIORITY 

This application claims priority to an application entitled "Method of Fabricating 
Silica Microstructures" filed in the Korean Industrial Property Office on July 6, 2000 
and assigned Serial No. 2000-38692, the contents of which are hereby incorporated by 
reference. 

BACKGROUND OF THE INVENTION 

1. Field of the Invention 

The present invention relates generally to integrated optical devices. More 
particularly, the present invention relates to a method of fabricating silica 
microstructures. 

2. Description of the Related Art 

Integrated optics technology has continuously been developed. The integrated 
optics is characterized by small size, low price, low power, and high speed as compared 
to assembly of individual optical parts. As integrated optical devices, a planar 
lightwave circuit (PLC) and a micro-electromechanical system (MEMS) are now 
attracting attention. 
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PLC refers to a device with a waveguide formed of silica being a fiber material 
on a silicon substrate. It is known that an existing fiber optic-type splitter is superior to 
a PLC splitter at a split ratio up to 1x4 but vice versa at a higher split ratio. The PLC 
5 realizes a compact and mass-produced circuit and provides excellent cost performance. 

MEMS emerged from silicon processing technology, and primitive MEMS 
applications include valves, motors, pumps, gears, and the like that are formed two- 
dimensionally. Integration of micro devices through anisotropical etching of a 
10 semiconductor substrate was studied and three-dimensional fiber optic devices have 
been developed. However, there has been recently developed technology in this field 
regarding fabrication of three-dimensional thin film structures by etching a sacrificial 
thin film on a semiconductor substrate. 

15 In order to fabricate silica microstructures such as PLC and MEMS devices , it 

is necessary to etch a silica layer to a specific depth. For example, integrated devices 
must be arranged perpendicularly to a silica light waveguide in fabricating a silica PLC 
in a hybrid integration scheme. To do so, the overcladding layer of the silica light 
waveguide must be removed from its core layer to a predetermined depth. 

20 

However, because the overcladding layer is formed on the core layer with a thickness 
deviation of 7[im or greater, the thickness of the overcladding layer cannot be accurately 
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determined. Therefore, it is very difficult to etch the overcladding layer to the 
predetermined depth. 

SUMMARY OF THE INVENTION 

It is, therefore, an object of the present invention to provide a silica 
microstructures fabrication method for stopping etching at a desired position during a 
dry etch. 

The foregoing and other objects can be achieved by providing a silica 
microstructure fabrication method. An etch stop layer is first partially deposited on an 
etching area of a first silica layer formed on a semiconductor substrate. A second silica 
layer is deposited on the surfaces of the etch stop layer and the first silica layer. A mask 
patterned according to the shape of the etching area is formed on the surface of the 
second silica layer. The second silica layer is removed from the etching area using the 
mask by dry etching, and the etch stop layer is removed by wet etching. 

BRIEF DESCRIPTION OF THE DRAWINGS 



The above and other objects, features and advantages of the present invention 
will become more apparent from the following detailed description when taken in 
conjunction with the accompanying drawings in which: 
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FIG. 1A illustrates a cross section of a substrate having a first silica layer 
deposited thereon. 

FIG. IB illustrates a cross section of the layered structure from FIG. 1 A having 
an etch stop layer partially deposited on the first silica layer. 
5 FIG. 2A illustrates a cross section of the layered structure from FIG. IB having a 

second silica layer deposited on the surface. 

FIG. 2B illustrates a cross section of the layered structure from FIG. 2 A having 
a mask for etching a layer on the second silica layer. 

FIG. 3A illustrates a cross section of the layered structure shown in FIG. 2B 
10 having the second silica layer removed from the etching area. 

FIG. 3B illustrates a cross section of the layered structure shown in FIG. 3A 
after the mask has been removed from the remaining portion of the second silica layer. 

FIG. 4 illustrates the cross section of the layered structure shown in FIG. 3B 
after removal of the etch stop layer. 
15 FIG. 5 A is a flowchart providing an overview of the steps in a method of the 

present invention. 

FIG. 5B provides detail with regard to an embodiment of the etch stop layer 
deposition according to the present invention. 

FIG. 6 provides detail with regard to another embodiment of the etch stop layer 
20 deposition according to the present invention. 

FIG. 7 provides detail with regard to the mask formation step. 
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DETAILED DESCRIPTION OF THE PREFERRED EMBODIMENT 

A preferred embodiment of the present invention will be described hereinbelow 
with reference to the accompanying drawings. In the following description, well-known 
5 functions or constructions are not described in detail since they would obscure the 
invention in unnecessary detail. 

FIG. 1 A illustrates the step of depositing a first silica layer 12 on a silicon 
substrate 1 1 . The first silica layer 12 is formed by deposition including but not limited 
10 to flame hydrolysis deposition, APCVD (Atmospheric Pressure Chemical Vapor 
Deposition), PACVD (Plasma Enhanced CVD), and thermal oxidation. 

FIG. IB illustrates the step of partially depositing an etch stop layer 1 13 on an 
etching area of the first silica layer 12. The etch stop layer 13 is partially deposited by 
15 loft-off or etching. 

In the case of lift-off, a photoresist layer is deposited on the first silica layer 12 
and patterned according to the shape of the etching area. Then, an etch stop layer is 
formed on the photoresist layer and the first silica layer 12 by e-beams or sputtering and 
20 the photoresist layer is removed along with the etch stop layer formed on the photoresist 
layer using a photoresist remover like acetone. 
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In the case of etching, an etch stop layer is first formed on the first silica layer 12 
by e-beams or sputtering and a photoresist layer is formed on the etch stop layer and 
patterned according to the shape of the etching area. Then, the etch stop layer is dry- 
etched using the photoresist pattern. RIE (Reactive Ion Etching) can be used for the dry 
5 etching of the etch stop layer. 

The etch stop layer 13 must be formed of a material having a high etch 
selectivity with respect to silica and resistant against oxidation or corrosion during silica 
deposition. Such materials include gold and platinum, which may incur clustering due 
10 to surface tension if silica deposition at high temperature such as flame hydrolysis 
deposition is applied. Ceramic materials for the etch stop layer 13 include alumina 
tolerant at high temperature and showing a high etch selectivity. 

FIG. 2 A illustrates the step of a second silica layer 14 on the overall surface of 
15 the resultant structure including the etch stop layer 13 and the first silica layer 12. The 
second silica layer 14 can be formed in the same manner as the first silica layer 12, that 
is, by deposition. 

FIG. 2B illustrates the step of forming a mask 15 patterned according to the 
20 shape of the etching area on the second silica layer 14. The mask 15 is preferably 

formed of a metal. A metal mask is usually used to etch a layer too thick to be etched 
using a photoresist. A general metal mask formation method includes the steps of 
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forming a metal layer, forming a photoresist layer on the metal layer, patterning the 
photoresist layer, and etching the metal layer using the photoresist pattern. 



FIG. 3 A illustrates the step of removing the second silica layer 14 from the 
5 etching area using the mask 1 5 by dry etching. A silica layer is etched typically by dry 
etching or wet etching. Wet etching is so called because an object is etched in a liquid 
such as an acid, an alkali, or an organic solvent. Dry etching includes RIE and 
inductively coupled plasma etching using plasma etching equipment. Anisotropical 
etching is difficult and formation of a vertical side profile is impossible in wet etching, 
10 whereas an etch speed is easily controlled and a vertical side profile can be obtained in 
dry etching. 

FIG. 3B illustrates the step of removing the mask from the surface of the second 
silica layer 14. The mask 15 is removed using an appropriate etchant according to the 
15 material of the mask 15. For example, if the mask 15 is a photoresist, a photoresist 
remover is used. If the mask 15 is formed of chrome, a chrome remover is used. 

FIG. 4 illustrate the step of removing the etch stop layer 13. It is convenient in 
the processing aspect to remove the etch stop layer 13 by wet etching. Usual chemical 
20 solutions for wet etching are H 2 S0 4 , H 3 P0 4 , H 2 0 2 , HF, HCL, and NH 4 OH. 
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As described above, the silica microstructure fabrication method according to 
the present invention permits that etching can be stopped at a desired position using an 
etch stop layer in dry-etching a silica layer. In particular, a desired vertical profile can 
be obtained. 

5 

A product by process of the present method results in a silica microstructure 
having layers with precisely dry-etched depths. This structure has precision heretofore 
unknown in the fabrication of silica microstructures having overcladding layers of 
indeterminant depth. The structure of a silica microstructure according to fabrication by 
10 the present method provides a distinguishable structure from silica microstructures of 
the prior art because the amount of etching does not vary from predetermined values. 
As prior art microstructures had unknown sized overcladding layers, the amount of 
etching could never provide the precise structure according to the present invention. 



1 5 FIG. 5 A presents an overview of a flowchart of steps of a method according to 

the present invention. 

At step 500, an etch stop layer is partially deposited on an etching area of a first 
silica layer formed on a semicondcutor substrate. 

At step 600, a second silica layer is formed on the surfaces of the etch stop layer 
20 and first silica layer. 

At step 700, a mask pattern is formed according to the shape of the etching area 
on the surface of the second silica layer. 
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At step 800, the second silica layer is removed from the etching area using the 
mask by dry etching. 

Finally, at step 900, the etch stop layer is removed by wet etching. 

FIG. 5B provides detail with regard to the depositing of the etch stop layer in 
step 500 of FIG. 5A. 

At step 510, a photoresist layer is deposited on the first silica layer. 

At step 520, the photoresist layer is patterned according to the shape of the 
etching area. 

At step 530, the etch stop layer is formed on the surfaces of the photoresist layer 
and the first silica layer. 

At step 540, the photoresist layer is removed using a photoresist remover. 

FIG. 6 provides detail with regard to another way the etch stop layer may be 
deposited in step 500 of FIG. 5 A. 

At step 610, the etch stop layer is formed on the first silica layer. 

At step 620, a photoresist layer is formed on the etch stop layer. 

At step 630, the photoresist layer is patterned according to the shape of the 
etching area on. 

At step 640, the etch stop layer is dry-etched using the photoresist pattern. 

FIG. 7 provides detail regarding one way that the mask formation step 700 
shown in Fig. 5A can be embodied. 
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At step 710 a metal layer is formed on the second silica layer by sputtering. 
At step 720, a photoresist layer is formed on the metal layer. 
At step 730, the photoresist layer is patterned according to the shape of the 
etching area. 

5 At step 740, the metal layer is etched using the photoresist pattern. 

Accordingly, the present invention provides that the overcladding layer cay be 
removed according to a precise predetermined vertical profile . 

10 While the invention has been shown and described with reference to certain 

preferred embodiments thereof, it will be understood by those skilled in the art that 
various changes in form and details may be made therein without departing from the 
spirit and scope of the invention as defined by the appended claims. 
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